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Abstract
Nine older subjects (40–51 years) and 10 younger subjects (18–30 years) took part in two one-hour driving sessions. They per-
formed a very monotonous task during which they had to follow a vehicle either after a complete night of sleep or after one night of
sleep deprivation. While driving their useful visual ﬁeld was assessed by introducing signals that would appear on the whole road
scene.
The analysis of the data indicates that the ability to process peripheral signals deteriorates with age, driving duration and sleep
deprivation. However, the eﬀects of these three variables on the peripheral visual ability are not similar in a dual task. The drivers
useful visual ﬁeld changes with age and prolongation of the monotonous driving activity according to a tunnel vision phenomenon.
On the other hand, a sleep debt deteriorates the useful visual ﬁeld according to a general interference phenomenon. These results are
discussed in terms of decrease in the level of arousal and increase of fatigue.
 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction
The useful visual ﬁeld (or useful ﬁeld of view) corre-
sponds to the area around the ﬁxation point, inside
which information can be quickly found and extracted
during a visual task (Mackworth, 1965). This ﬁeld is
usually measured by presenting the subject with a dual
task: a central detection task and a peripheral detection
or localisation task during which some signals are pre-
sented at diﬀerent eccentricities. The size of the useful
visual ﬁeld is not constant. It depends mainly upon the
nature of the perceptive task and upon the situation
(Sanders, 1970; Verriest, Bailey, Calabria, & Campos,
1985; Verriest, Barca, & Dubois-Poulsen, 1983). It can
also depend upon individual characteristics such as age.
The ability to detect peripheral signals in a dual task
deteriorates with age. However, the extent of this dete-
rioration varies from one study to the next. Thus, some
researchers have observed a general interference (Seiple,
Szlyk, Yang, & Holopigian, 1996; Sekuler, Bennett, &
Mamelak, 2000). Older drivers performance is generally
poorer than that of younger drivers, whatever the
eccentricity of the peripheral signal. However, in most
studies, researchers have noted a deterioration that
corresponds to tunnel vision (Ball, Beard, Roenker,
Miller, & Griggs, 1988; Ball, Roenker, & Bruni, 1990;
Scialfa, Kline, & Lyman, 1987; Sekuler & Ball, 1986).
The performance of older drivers is consistently poorer
than younger drivers and the diﬀerence in performance
increases with eccentricity of the peripheral signal.
The size of the visual ﬁeld should be a major element
in car driving. Indeed, it is necessary to detect elements
of information (such as road signs, obstacles or other
vehicles) quickly in the road scene. This detection can be
carried out under impaired visual conditions, as it is the
case whilst driving at night, in the rain, snow or fog. If
the drivers useful visual ﬁeld is reduced, he/she is slower
to detect these road elements of information, or he/she
does not perceive them at all, exposing himself/herself to
an accident.
Recently, several visual indices (such as visual acuity,
contrasts sensitivity, colour discrimination, peripheral
vision and visual attention) have been studied in the
driver. The visual problems relative to these indices have
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been associated with older drivers involvement in road
accidents (Ball, Owsley, Sloane, Roenker, & Bruni,
1993; Owsley, 1994; Sims, McGwin, Allman, Ball, &
Owsley, 2000). Among the diﬀerent visual indices, the
measurement of the useful visual ﬁeld seems to be the
most important factor related to road accidents in older
drivers (Ball et al., 1990; Myers, Ball, Kalina, Roth, &
Goode, 2000; Owsley, 1994; Owsley et al., 1998; Owsley
& McGwin, 1999).
Several researchers have shown that the risk of acci-
dent whilst driving is signiﬁcantly higher in older people
when their useful visual ﬁeld is reduced by 40% or more.
Until now, the experimental approach has consisted of a
study of the relationship between the reduction of the
useful visual ﬁeld and the number of accidents in real-
life situations. The number of accidents was recorded
over a period of several years, before or after the mea-
surement of the useful visual ﬁeld (Owsley, 1994; Owsley
et al., 1998). This relationship can be explained in the
following way. While driving older individuals with a
reduced visual ﬁeld may neglect some of the peripheral
elements of information that are signiﬁcant for their
own safety as well as the safety of other road users. It is
surprising to note that the size of their useful visual ﬁeld
has never really been measured while driving. This
measurement can be carried out by proposing a detec-
tion task of signals presented at diﬀerent eccentricities in
the road scene while driving. According to the results of
the literature, we believe that a tunnel vision phenomenon
develops with age, which can be measured while driving.
According to some recent experimental results, the
useful visual ﬁeld also varies with the state of arousal
(Roge, Kielbasa, & Muzet, 2002). This state deteriorates
when the subject has to perform a monotonous and
prolonged monitoring task involving central and peri-
pheral vision. The central task proposed was the clock
test that leads to the occurrence of drowsiness episodes
(Mackworth, 1948). Simultaneously, the subject had to
detect peripheral signals (luminous spots that appeared
between 20 and 80 of retinal eccentricity). Under these
conditions, the useful visual ﬁeld deteriorates with du-
ration of the test, especially in the peripheral area near
the vertical axis of the visual ﬁeld.
The useful visual ﬁeld also deteriorates when the
subject has to perform a monotonous simulated car
driving task whilst detecting peripheral visual signals
that appear between 5 and 20. A tunnel vision phen-
omenon occurs with prolongation of the monotonous
simulated driving task (Roge, Pebayle, Kiehn, & Muzet,
2002). Thus, it seems that the useful visual ﬁeld de-
creases when the driver becomes drowsy. An individuals
state of arousal can also decrease under the eﬀect of
sleep deprivation. The driver is then confronted with
episodes of drowsiness that are more frequent when he/
she lacks sleep than after a normal nights sleep. We
believe that sleep deprivation, as prolongation of a mo-
notonous driving activity, triggers a tunnel vision phen-
omenon in the driver.
2. Method
2.1. Subjects
The sample consisted of 10 young adults whose age
varied between 18 and 30 years (m ¼ 24 years, r ¼ 3:3)
and 9 older adults whose age varied between 40 and 51
years (m ¼ 45 years, r ¼ 3:7). Their sight was normal or
corrected to normal. The younger drivers had had their
driving licence for 4.94 years (standard devia-
tion¼ 2.098) and the older people for 26.22 years
(standard deviation¼ 1.323).
2.2. Device and variables
The test took place on the Vigilance Analysis Driving
Simulator (PAVCAS: Poste dAnalyse de la Vigilance en
Conduite Automobile Simulee). It consists of a car cabin
placed on a mobile base that enables longitudinal, ver-
tical, pitching and rolling movements. It was linked to
an interactive display unit. The road image was placed
3.50 m away from the driver and covered 45 of the
horizontal and 25 of the vertical visual ﬁeld. The
characteristics of the circuit corresponded to those of a
motorway with no other vehicle except the one that the
driver had to follow. The sampling frequency for the
recording of the vehicles positions was 60 Hz. Driving
was carried out in the presence of fog (which appeared
150 m away) in order to increase the monotony of the
driving task and to standardise the colours of the road
scene. The instruction was to follow a vehicle while
staying at a distance of 36 m (which corresponded to one
and a half lines on the right side of the road). The
subject had to stare at a coloured circle that appeared
regularly (every 3 s and for 133 ms) on the rear window
of the preceding vehicle (Fig. 1). The central task con-
sisted of detecting the changes in colour of the orange
circle. When the signal became darker (in 3% of the
cases), the subject had to press as quickly as possible on
a joystick located behind the steering wheel on the right
hand side. Simultaneously, the subject had to detect the
brief displays (100 ms) of a red point (angular size of
0.2) that appeared randomly in time on the road scene.
When he/she perceived it, he/she had to press as quickly
as possible on a joystick located behind the wheel on the
left. A peripheral signal was never associated with
the presence of a critical signal (dark orange circle) in
the central task. All the subjects have seen exactly the
same number of stimuli. The location of each stimulus
had been pre-selected before the driving test by a ran-
dom selection process in order to constitute a unique
sequence. Each subject has seen this sequence of stimuli.
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They appeared exactly at the same location on the
screen when the driver arrived at a deﬁned position in
the circuit. Thus, each stimulus appeared against the
same background for every subject. The peripheral sig-
nal was an object from the visual database and its
luminance was 1.40 cd/m2. The luminance of the back-
ground could vary from 0.02 cd/m2 for the road cover-
ing surface to 8.17 cd/m2 for the fog.
During the test, the subject was alone in the vehicle
and had no indication of the time already gone or on the
distance covered.
The test lasted for 60 min and was divided into two
equal parts: ﬁrst half-hour and second half-hour. The
peripheral signal could be located in three diﬀerent
areas: the near area (signals located in a virtual circle
whose size was 4 of retinal eccentricity) the middle area
(signals located in a virtual circle whose size was 8 of
retinal eccentricity) and the far area (signals located in
two arcs of a circle whose retinal angular size was 12
and 16). The 0 eccentricity was located at the same
level as the orange circle the driver had to stare at.
About 20 signals appeared in each area, i.e. 60 signals
for each half-hour.
The dependent variables were the percentage of cor-
rect responses (critical signals detected) for the central
task and the percentage of correct responses (red spots
perceived) for the peripheral task.
Two control parameters of the trajectory were also
analysed, lateral and longitudinal instability. The lateral
instability was calculated in meters by working out the
mean of the absolute diﬀerences between the lateral
position of the vehicle and the mean lateral position of
the whole of the test. We have observed inter-individual
diﬀerences between the drivers usual position on the
road (right lane) during the test. Some of the subjects
tended to drive in the middle of the lane, some stayed on
the right side and others on the left side. The more
diﬃcult the driver ﬁnds it to control his/her trajectory,
the more he/she will swerve from his/her usual position
on the lane (assessed using the vehicles mean position
on the lane). The mean of these deviations represents
his/her lateral instability. We have followed the same
reasoning for the computation of the longitudinal in-
stability since drivers naturally kept a deﬁned distance
between their car and the car they followed. The longi-
tudinal instability was calculated in meters by working
out the mean of the absolute diﬀerences between the
distance subjects vehicle–preceding vehicle and the
mean distance of the whole of the test. The more diﬃcult
the driver ﬁnds it to control his/her trajectory, the more
he/she will tend to get away from and/or get closer to the
vehicle to follow. Thus his/her position moves away
from the mean position that he/she should adopt to keep
a constant inter-vehicle distance. The mean of this de-
viations reﬂects his/her longitudinal instability.
2.3. Procedure
At 8h00 in the morning, the subject underwent a
training session on the simulator. For 4 min, he/she got
used to simulated driving and learned to follow the
vehicle in front whilst keeping a constant inter-vehicle
distance. While driving, he/she learned to recognise the
signals of the central task for 4 min, then the ones of the
peripheral task for 5 min. He/she then carried out both
tasks simultaneously for 10 min. At 9h00 in the morn-
ing, he/she performed the whole test that involved si-
multaneously following the vehicle and carrying out the
central task and the peripheral task in the simulator, for
1 h. The temperature was regulated at 21 C (±1 C).
For the session with sleep deprivation, the subject
arrived at the laboratory the day before the test at
22h00. He/she stayed awake all night in the company of
the experimenter. He/she could carry out quiet activities
such as reading, writing or discussing with the experi-
menter. The next morning, he/she had a light breakfast
Fig. 1. The road scene presented to the subject.
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at 7h00 and began the training session at 8h00. For the
session without sleep deprivation, the subject had a
complete night at home. Duration of sleep was checked
using the data recorded by an actimeter worn on the
wrist of his/her non-dominant hand. The next morning,
he/she arrived at the laboratory at 8h00 and performed
exactly the same protocol as in the other session.
The order of the two sessions was counterbalanced
for half of the subjects.
The analysis of the data is in three parts: ﬁrst, the
driving data analysis (lateral and longitudinal instabil-
ity) then, the analysis of the percentage of correct re-
sponses in the central task. The last part is devoted to
the analysis of the percentage of correct responses ob-
tained in the peripheral task. The analysis of variance
takes into account duration of the test (ﬁrst half-hour
versus second half-hour), sleep deprivation (total de-
privation versus no deprivation) and age (younger
drivers versus older drivers). The analysis of the per-
formance obtained in the peripheral task also takes into
account the area in which the signal appears (near area
versus middle area versus far area). The means com-
parisons are carried out with the Newman–Keuls test.
3. Results
3.1. Driving data analysis
As Table 1 indicates, sleep deprivation had a signiﬁ-
cant eﬀect on lateral and longitudinal instability. With-
out sleep deprivation, the means for lateral and
longitudinal instability were 0.254 m (sd¼ 0.05) and
5.000 m (sd¼ 1.37) respectively. Following sleep depri-
vation, the means increased to 0.355 m (sd¼ 0.15) and
8.395 m (sd¼ 5.82) respectively.
The duration of driving had a signiﬁcant eﬀect on the
lateral and longitudinal instability. In the second half-
hour, the means for lateral and the longitudinal insta-
bility (0.321 m, sd¼ 0.12 and 7.299 m, sd¼ 5.60
respectively) were higher than the means during the ﬁrst
half-hour (0.290 m, sd¼ 0.12 and 6.097, sd¼ 3.09 re-
spectively).
The lateral and longitudinal instability did not vary as
a function of the drivers age. The lateral instability was
0.319 m (sd¼ 0.04) for the younger drivers and 0.290 m
(d ¼ 0.05) for the older drivers. The longitudinal in-
stability was 6.854 m (sd¼ 1.55) for the younger drivers
and 6.542 m (sd¼ 1.03) for the older drivers.
3.2. Analysis of the data obtained in the central task
Sleep deprivation had a signiﬁcant eﬀect on the
percentage of correct responses (F ð1; 17Þ ¼ 38, p <
0:000001). This percentage was higher in the condition
without sleep deprivation 79.5% (sd¼ 13.0) than in the
condition with sleep deprivation 61.8% (sd¼ 20.1).
The duration of the test had a signiﬁcant eﬀect on the
percentage of correct responses (F ð1; 17Þ ¼ 150, p <
0:00001). This percentage went from 79.9% (sd¼ 13.5)
in the ﬁrst half-hour to 61.4% (sd¼ 19.6) in the second.
Age had no signiﬁcant eﬀect on the percentage of
correct responses, which was 73.9% (sd¼ 4.9) for
younger drivers and 67.4% (sd¼ 8.6) for older drivers.
The duration of the test interacted signiﬁcantly with
age (F ð1; 17Þ ¼ 4:7, p ¼ 0:04). The percentages of cor-
rect responses according to age group and duration of
the test are presented in Fig. 2.
The means comparison indicated that the percentage
of correct responses decreases more signiﬁcantly in older
drivers (Newman–Keuls test p ¼ 0:0004) than in
younger ones (Newman–Keuls test p ¼ 0:0001) with
driving duration.
3.3. Analysis of the data obtained in the peripheral task
Sleep deprivation had a signiﬁcant eﬀect on the
percentage of correct responses (F ð1; 17Þ ¼ 26, p ¼
0:00009). The drivers detected more signals when they
Table 1
Signiﬁcant eﬀects observed for the analysis of the lateral and the lon-
gitudinal instability
Lateral instability Longitudinal instability
Deprivation F ð1; 17Þ ¼ 12:08,
p ¼ 0:003
F ð1; 17Þ ¼ 7:75,
p ¼ 0:01
Duration F ð1:17Þ ¼ 3:40,
p ¼ 0:08
F ð1; 17Þ ¼ 3:67,
p ¼ 0:07
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Fig. 2. Percentage of correct responses in the central task as a function
of age (younger drivers versus older drivers) and of driving duration
(ﬁrst half-hour versus second half-hour).
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carried out the task in the condition without deprivation
(56.7%, sd¼ 20.9) than when they underwent total sleep
deprivation (43.5%, sd¼ 23.0).
The signal display area had a signiﬁcant eﬀect on the
percentage of correct responses (F ð2; 34Þ ¼ 75, p <
0:000001). The further the signal, the lower the per-
centage. The mean was 68.4% (sd¼ 15.2) in the near
area, 49.4% (sd¼ 18.5) in the middle area and 32.5%
(sd¼ 19.6) in the far area.
The duration of driving had a signiﬁcant eﬀect on
the percentage of correct responses (F ð1; 17Þ ¼ 17:6,
p ¼ 0:0006). The performance deteriorated as driving
progressed. The mean was 57.8% (sd¼ 21.2) in the ﬁrst
half-hour of driving and 47% (sd¼ 24.2) in the second
half-hour driving.
Age had a signiﬁcant eﬀect on the percentage of
correct responses (F ð1; 17Þ ¼ 9:6, p ¼ 0:006). Younger
drivers detected more peripheral signals 56.1% (sd¼
13.6) than older drivers 44.1% (sd¼ 10.7).
Age interacted signiﬁcantly with the signal display
area on the percentage of correct responses
(F ð2; 34Þ ¼ 5:2, p ¼ 0:01). The percentages as a function
of age group and signal display area are presented in
Fig. 3.
The means comparisons indicated that the percentage
of correct responses decreases as the eccentricity of the
signal increases (Newman–Keuls test p < 0:03) and the
more so as the driver is older. The means diﬀerence
between the two age groups was signiﬁcant when the
signal appeared in the far area (Newman–Keuls test
p ¼ 0:01). These results indicate the occurrence of a
tunnel vision phenomenon with age.
The duration of driving interacted signiﬁcantly with
the signal display area on the percentage of correct re-
sponses (F ð2; 34Þ ¼ 4:1, p ¼ 0:02). The performance
obtained is presented in Fig. 4.
The means study indicated that the performance de-
teriorated as eccentricity of the signal increased (New-
man–Keuls test p < 0:0003) and the more so as driving
progressed. The diﬀerence in the percentages between
the ﬁrst half-hour of driving and the second one was not
signiﬁcant in the near area but it was in the two other
areas (Newman–Keuls test in the middle area p ¼ 0:03
and in the far area p ¼ 0:003). These results support the
hypothesis of a tunnel vision induced by prolongation of
the monotonous driving task.
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Fig. 3. Percentage of correct responses in the peripheral task as a
function of age (younger drivers versus older drivers) and of signal
display area (near versus middle versus far).
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Fig. 4. Percentage of correct responses in the peripheral task as a
function of driving duration (ﬁrst half-hour versus second half-hour)
and of signal display area (near versus middle versus far).
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Fig. 5. Percentage of correct responses in the peripheral task as a
function of sleep deprivation (without sleep deprivation versus sleep
deprivation) and of signal display area (near versus middle versus far).
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Sleep deprivation did not interact signiﬁcantly on the
signal display area. The performance obtained is pre-
sented in Fig. 5.
The deterioration in performance with sleep depri-
vation is similar in the three areas of signal display.
These results support the hypothesis of a general inter-
ference induced by a sleep debt.
4. Discussion
The ability to detect the critical signal in the central
task deteriorates as the test progresses. Under very
monotonous conditions, the necessity to detect a rare
and perceptively non-salient visual signal reduces the
observers level of alertness. This phenomenon is similar
to the one observed in the vigilance tests (Corsi-Carb-
rera, Arce, Ramos, Lorenzo, & Guevara, 1996; Davies
& Parasuraman, 1982; Gale, Davies, & Smallbone, 1977;
Mackworth, 1970).
In our experiment, the decrease in performance with
duration of the test in the central task was more pro-
nounced in older than in younger drivers. This result is
similar to the one observed in activities that require
sustained attention: Mackworth clock test, task of de-
tection of the modiﬁcation of a rectangle size or dis-
crimination task of ﬁgures (Berardi, Parasuraman, &
Haxby, 2001; Giambra & Quilter, 1988; Giambra,
1997). However, it should be noted that some re-
searchers have not observed this diﬀerence in perfor-
mance between age groups (Berardi et al., 2001;
Giambra, 1997; Giambra & Quilter, 1988).
The prolongation of driving under monotonous
conditions results in a decrease in the level of vigilance
and a deterioration of the useful visual ﬁeld. This dete-
rioration corresponds to a tunnel vision phenomenon, a
result that has already been observed in a previous ex-
periment carried out with younger drivers aged between
19 and 33 years (Roge et al., 2002). In our experiment, it
should be noted that age does not modulate this phe-
nomenon (at least for the two age groups studied).
Whether it be young (18–30 years) or older drivers (40–
51 years) who are concerned, their useful visual ﬁeld
remains similar when they become drowsy. Thus, this
phenomenon seems to be independent of age and/or of
driving experience. These two variables cannot be dis-
sociated in this study.
It should be noted that while the tunnel vision phe-
nomenon induced by prolongation of the task does not
depend on the drivers age, the peripheral visual capacity
does. Thus, young drivers detect more peripheral signal
than older drivers. This phenomenon has long been
observed in dual task situations other than car driving
(Ball et al., 1988, 1990; Scialfa et al., 1987; Seiple et al.,
1996; Sekuler et al., 2000; Sekuler & Ball, 1986). It can
be ascertained that older individuals diﬃculty in man-
aging a dual task does exist, even during simulated
driving. Although older drivers have a longer experience
of driving than younger drivers, this does not help them
to get better results than younger drivers when they have
to detect the signals that appear in the road-related vis-
ual ﬁeld.
The diﬃculty for older drivers in perceiving the sig-
nals in the road scene worsens considerably with ec-
centricity increase of the signal, thus revealing a tunnel
vision phenomenon induced by age. This result is con-
sistent with those of Sekuler, Scialfa and Ball (Ball et al.,
1988, 1990; Scialfa et al., 1987; Sekuler & Ball, 1986).
This tunnel vision phenomenon occurring with age
conﬁrms our hypothesis. Older drivers neglect the most
peripheral area of the road scene. This phenomenon
may explain, at least in part, the involvement of older
drivers in road accidents, as they are slower to detect
elements of information that are important for their
safety. Myers study, carried out in older drivers, fully
support this explanation (Myers et al., 2000). The au-
thors noted that poor performance in a useful visual
ﬁeld test are associated with a high number of driving
errors in real-life situations (such as missing a stop sign,
missing important signposts, making errors of judge-
ment or adopting a bad position on the road). There-
fore, the size of the drivers useful visual ﬁeld seems to be
a relevant index to try and predict the driving quality.
Yet, it remains to verify that the size of the useful visual
ﬁeld observed in a test performed independently of
driving correlates with the actual size of the useful visual
ﬁeld measured during driving.
Several elements lead to the conclusion that the epi-
sodes of drowsiness were more numerous in the condi-
tion with sleep deprivation than in the condition without
sleep deprivation. Although the data have not been
presented in this paper, the direct observation of the
drivers during the experiment has revealed the presence
of typical behavioural signs of dozing oﬀ at the wheel
(Roge & Muzet, 2001). In the sleep deprivation condi-
tion, the number of these behavioural activities (such as
self-centred gestures, postural adjustments and non-
verbal activities) had considerably increased. Moreover,
the control of the vehicles trajectory deteriorated, as is
shown in the analysis of the lateral and longitudinal
instability. Finally, sleep deprivation induced a decrease
in the ability to discriminate a critical signal in the
central part of the visual ﬁeld, as it has already been
observed when a subject who is deprived of sleep carries
out the clock test (Brendel et al., 1990).
However, sleep deprivation does not induce tunnel
vision, as is the case when the monotonous driving task
is prolonged. It should be noted that the deterioration of
the drivers performance with sleep deprivation is higher
(12.12% decrease in the near area, 14.29% in the middle
area and 13.54% in the far area) than the deterioration
observed with prolongation of the driving task (1.12%
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progressive decrease in the near area, 7.34% in the
middle area and 10.67% in the far area). Sleep depri-
vation is an important contribution to fatigue in the
driver, which leads to a decrease in performance in the
elementary cognitive activities. A lack of sleep causes,
among other things, an increase in the periods of no-
response, in the response time and a slowing down of
information processing in attention tasks (Dinges,
1995). As the peripheral signals appear very brieﬂy,
several of them, dispatched on the whole of the ﬁeld, are
not processed because of the cognitive abilities modiﬁ-
cation.
It should be noted that deterioration of the visual
ability with sleep deprivation occurs whatever the dri-
vers age. Therefore, at the perceptive level, drivers may
not be sensitive or resistant to sleep deprivation ac-
cording to their age. This conclusion diﬀers from
Brendel et al.s (1990). The latter notes a negative eﬀect
of sleep deprivation on the ability to detect critical sig-
nals in the clock test, but the negative impact is more
marked in younger than in older drivers.
5. Conclusions
The whole of these results demonstrate the interest of
measuring the useful visual ﬁeld during driving. The
detection of detect signals that are present in the road
scene has shown the deterioration of the drivers useful
visual ﬁeld when he/she becomes drowsy. The type of
deterioration is speciﬁc to the conditions that trigger
episodes of drowsiness: sleep deprivation has a negative
eﬀect on the whole ﬁeld, that is shown by a general in-
terference, whereas prolongation of monotonous driving
induces tunnel vision. Imposing sleep deprivation of
variable duration would enable us to know if the dete-
rioration of the useful visual ﬁeld is progressive. The
latter may take the form of tunnel vision when the sleep
debt is not signiﬁcant (a few hours) and turn into general
interference (i.e. involve the whole of the useful visual
ﬁeld) when sleep deprivation is more signiﬁcant.
Although it has been conﬁrmed in this experiment
that older drivers detect less peripheral signals than
younger drivers in the far area of the road scene, it has
also been shown that they are not sensitive to prolon-
gation of the monotonous driving task and of sleep
deprivation. As it is impossible to dissociate age and
level of driving experience, the relationship between the
size of the visual ﬁeld and the quality of driving could be
studied by comparing groups of older drivers that are
more or less involved in road accidents. The reduction of
the useful visual ﬁeld with ageing could also be com-
pared with the quality of ageing (i.e. by taking into ac-
count the deterioration of the cognitive functions).
It would be very interesting to measure the size of the
useful ﬁeld of view in adults at diﬀerent age ranges while
driving, to see if the size of the visual ﬁeld of view de-
creases in proportion to the drivers age.
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